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(54) PERMANENT MAGNET 

(57)Abstract: 

PURPOSE: To obtain a magnet having high residual magnetization, high coercive force and a 
high energy product by an alloy using Fe as a base by constituting the permanent magnet by 
one kind of rear-earth elements containing a fixed quantity of Y and a magnetic anisotropic 
sintered body by a fixed quantity of B and Fe as the remainder. 

CONSTITUTION: R (where R is at least one kind of the rare-earth elements containing Y) of 
8W30% at an atomic percent and the magnetic anisotropic sintered body consisting of 2W28% B 
and Fe as the remainder are used as magnetic materials for the permanent magnet. The 
quantities of Fe, B, R of a R compound and B of the magnetic material are optimized, and 
residual characteristics are obtained by the alloy using Fe as the base. The permanent magnet 
having high residual characteristics, high coercive force and the high energy product is 
manufactured easily by the simple alloy. 
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i£H?t-*5„ ^<7>cto^3(k^?K^— otf>i**4 5 nm&ZMEZftz z. 4»ix ^H±^^IfigT* 
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#;&J100kOeU_bK&-r -5 t>COfii$>Z Z £ «• Jlffi 
B£E £ L TffiWT^Iir^ * - £ **¥B§J1 L /c. 

IBx tt£u U6&*>;&26»r *ox*« 

Fe 8 B, Fe,P*»rJl$*l E&zttltt&E. 
ft.W&fb'? # i ' *> * - £ r- & 

fL &Co*"£tM&gj&itt < x ifcRi Ltliff 
IttSHtlWi L THlttKlliW, Pr££ 
#£> Z&Zi&RZm^ZZ j^-TLfe , 

Sm tifT^ f iSm £ •? Z> &9 h K 

WRiLtli, Nd, Pr, La, Ce, Tb, Dy, 
Ho, Er, Eu, Sm, Gd, Pm, Tm, Yb, LuRrjc 
Y*iS^Sn^. RiLtti, Nd, Pr-££fl>£ 

£feoTS<9* (Nd, Pr, Dy, Ho, Tb^) 
A* % La, Ce, Pm, Sm, Eu, Gd, Er, Tm, 
Yb, Lu, Y^fififcOTR, 4$KNd, Pr, Dy, 
Ho, TbiWfi#!feiltffl^5:t^t-J4, 

£#•££*. Sm, La, Er, Tm, Ce, Cd, Yli 
^ <S£ T <i iHc iiE^fcASiL < < % Eu, 
Pm, Yb, Lu(i{&Sl'L*»#£tf? , ^fflfiT : £<5. 
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27% B, «g|5Fe<75iSi«; 
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2f£K{?*L < J±> Nd, Pr£RC0£j£# (|W| 
_b) £L> 12~20%R N 4~24%B v ^FeW 
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fc. |g 1 Ellix 66Fel4B20Nd \ ^ % 

7 ). CO -f v 3' y b cOfiSfbcOfflSE-fb^^-T y 5 7 

■C * *? x Tc - 3l(TC 1? * 5 £ £ *^ * ft £ . 

Se^s R «Fe£&Kj3<.>TS8 lS?<7>Tc£&^> 
{b#fetia^tt5*nri^il.> 0 X)><Tx R-Fe 

b ^jn-r s 3. <t k =k -^-c^ 1 4* z m L l» 

Fe- B ♦ R=7C-fb^%^'fiF^L. tn^lJ^R 
<fc <0 m 1 £ 7 4Tc^r fc ^> Z. t *^1SJ6 ■<& n 
•5„ ^I^ICtS-T^-pJ', :tf)frLVFc • B • 

%<T> R *C ±J V > t, . #r{b-&&coTc {iCe ^-^ 300°C 
«U^T*-5.. ttiK Sfe*EP*DCOR -Fe^tOTc 
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J; «9 #|g§J3^Fe • B • R=7Cfi:-a-%coTc<i 

m i m 





(%) 


4tr I 1 6 jc 

(KG) 


Tc 
CC) 


1 


73Fel7B10La 


11.8 


320 


2 


73Fel7B10Ce 


7.4 


160 


3 


73Fel7BlOPr 


7.5 


300 


4 


73Fel7BlOSm 


9.2 


340 


5 


73Fel7B10Gd 


7.5 


330 


6 


73Fel7BI0Tb 


6.0 


370 


7 


66Fel4B2GNd 


6.2 


310 


8 


66Fe25B10Nd 


6.8 


260 


9 


73Fel7B5LaTb 


: 6.0 ' 


330' 



tti>< iivjsjv^to t L/c)> 
5 -r^a64%^B^JP^ J; Hctttt&Oeicfett 

*if-5>. :m:£dfi;^ (BH) maxii 7 ~ 

20MCOe % ^35MCOel^J:J'4>^L> I&&*D£> 

NdiPr^H-a-Jco^T^Lfc*^ ^2^No.l9~ 
30K^L/c: «fc OIC f^RK-si^T^ *^a>* 
OR C0|a^-bf-<ro^Tt, N Fe • B 4 fUt&%llt 

75 Fe • B • Rfb-g-fetiSlKi BgiitfRfi: 
is^T&S? ^-jSc^.®IS#1**^-r. Fe • B • R 
^^*j^TMt/JEcoSa< B£ ort>£if;*:LT^ < 
<fc, Hcillft^L-r^ -}J V jSSBfcfefgKBr 

20 CgL, S£KBS£it*5-e-££Br{ii£S3U: 

si 2 m 



(tzt?L4ir 1 l9k {±16k0etri>^>S4ir I x Tc 
{±IOkOeTifl!l^) ^5 

»3fcR»8sK <fc"^"C> iSJttfii^iKSt: * - <!: 
«*coFe • B • Rib&fyfrZfjtZMXlSl&ntt 

^•a-^ftLTT^jn-ci,^), 

HMftliFei L -CS>eg99.9%<Dmfl?S^ B <!: 
LT7io rff a y ( 19;38% B . 5.32% 

Al, 0.74%Si, 0.03% C % igSBFe), R £ L T 35 
MS9a7%fcLh (^MS«±rEiLTft6^*±S 

12) $ ^nr J: t)35> v 

HfHW* (3~10^m). 40 
(35 (lOkOe) *WM ' &M (1.5t/dlBr 

mm 

(4) ftft 1000~ 1200'C 1 B#fU! Ar4> 8 



No. 


(%) 


iHc 
(kOe) 


Br 

(kG) 


(BH)reax 
(MGOe) 


* l 


85Fel5Nd 


0 


0 


0 


2 


83Fe2B15Nd 


1.0 


7.5 


4.1 


3 


82Fe3B15Nd 


1.8 


10.4 


7.0 


4 


81Fe4B15Nd 


2.8 


10.8 


13.4 


5 


73Fel2BI5Nd 


8.2 


10.5 


25.2 


6 


68Fel7B15Nd 


7.6 


8.7 


17.6 


7 


62Fe23B15Nd 


11.3 


6.8 


10.9 


8 


57Fe28B15Nd 


10.7 


4.2 


4.0 


* 9 


53Fe32B15Nd 


10.2 


3.0 


1.8 


10 


70Fel7B13Nd 


5.5 


8.9 


11.0 


11 


63Fel7B20Nd 


12.8 


6.6 


10.5 


12 


62Fe8B30Nd 


14.8 


4.5 


4.2 


*13 


48Fel7B35Nd 


15 


1.4 


<1 
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No. 


(%) 


iHc 
(kOe) 


Br 

(KG) 


(BH)max 
(MGOe) 


*I4 


85Fel5Pr 


0 


0 


0 


15 


73Fel2B15Pr 


6.8 


9.5 


20.3 


16 


65Fel5B20Pr 


12.5 


7.1 


10.2 


♦ 17 


76Fel9B5Pr 


0 


; 0 


0 


18 


68Fel7B8Nd7Pr 


7.4 


8.3 


15.7 


19 


66Fel9B8Nd7Ce 


5.5 


7.1 


10.0 


20 


74FellB2Sml3Pr 


6.8 


9.5 


17.2 


21 


66Fel9B8Pr7Y 


6.1 


7.7 


10.5 


22 


68Fel7B7Nd3Pr 
5U 


7.1 


7.9 


13.9 


23 


68Fe20B12Td 


4.1 


6.5 


8.2 


24 


72Fe20B8Tb 


1.8 


6.8 


4.1 


25 


64Fe28B8Dy 


8.3 


4.8 


4.8 


26 


70FelOB20Dy 


5.3 


6.4 


8.0 


27 


75FelOB15Ho 


4.5 


6.4 


7.8 


28 


79Fe887Er6Tb 


4.8 


7 -! 


8.1 


29 


68Fel7B8Nd7Gd 


5.5 


7.3 


10.2 


30 


68Fel7B8Nd7Td 


5.7 


7.4 


10.8 


31 


79Fe6B15Nd 


8.0 


13.0 


36.5 


32 


78Fe7B15Nd 


8.2 


12.9 


36.0 


33 


77Fe8B15Nd 


7.3 


12.1 


32.1 


34 


75FelOB15Nd 


8.0 


11.9 


31.9 


*35 


86Fe8B6Nd 


0 


0 


0 


36 


79Fe8B13Nd 


4.8 


13.1 


29.3 


37 


78Fe8B14Nd 


7.8 


12.8 


36.5 


38 


75Fe8B17Nd 


9.2 


11.6 


31.1 


39 


73Fe8B19Nd 


11.4 


10.9 


28.0 


40 


67Fe8B25Nd 


12.6 


5.8 


8.6 


41 


79Fe7B14Nd 


8.2 


13.4 


41.5 


42 


78.5Fe7B14.5Nd 


9.7 


13.2 


41.2 
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<li3JS : P%U_h). *^M^jSS«iiSJBr-tr* 

■ZM&Ltz&nizJ: *). Fe-sB-xNdco^Kfc 
^-Cx«-O~40irgC<b?-^TNdl:iBr % iHc£<75 

tr, Fe-xB- 15NdtD^^±Jt,>T x-£ 0 ~35trS! 
10 {fci-^-TBfiiBr, iHctnM&tm^ 

*^^4 K^^f-. Fe-B-Nd=7c^ 
fciitf * 3J*#£ (BH) roaxOTgfj^B^ & 

WBrjj*j4kC^-j|S^.^/crtJC 
IS « % Fe • B • R<fc-a-^l=i>^Tx BS«i28H^ 
%y.±.-et£*ltUi t£C,t£^. Uis^ B3~27® : F- 
4 ~24® : f%li^^ (BH) max7MCOelU 
_h % lOMCQefeUzt-r^/cW^e* LiV Xl±& 

31%i£nk-fJzoiz s Rc7^fl:7! ) i^.^,^^J{3'Hc*^S< 

tt« * * ^J£-ifc<fc ? ^Hc^lkOefeLh^HT-*. 

.25 Mi t£ t£ <, %. R S<75i®^;(r £ & t \ jS 

^SBr(75^T^JS < . %ot/>-P7iW 
h tf>Br|ft4kG£-jgx. 5 /.:*!> K: J± R <i3M§C^ %UT 

4>, R «Sl±30J3K^%iUTT£ 

, < £ t£ * . 

RUFeJcJt^nJi'BJ/ir^^^'i, 3> 

35 Ltfc^4^»4«I*Ll'.'tti, Pll~24®^ 
?6\ 12~20ig^%co|Effili» (BH) max£ 

7MCOem_h, lOMGOe U± <h -5 _hT Sf * L V ^ 

3*2 sue FeBRWMX&msmEtoftttm 

40 iLT, Fe M B l7 Nd ls ( §?S 2 ^ <?3 No. 6 <!: |B| t & 
#) <mmtbjb» liij;^!, B 2 N&Plco^ 
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I*. 2#&{b&&1 <*>^£* *®ESC5(*^* { R 
£&2^K73*Lfcfb^fc^-?£ % *-«F^*+tL 

Cu, Co, S, P, Ca, Mg, O, Si, AI^X^I 

CoT?«|ftf fc K Ji «* V - J&Tc * 
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3 £ K . =7C*2£*ilflJ&FeBR 1= , AJ , Ti , 
V, Cr, Mn, Ni f Zn, Zr, Nb, Mo, Ta, W, 
Sn, Bi, SbcD-|ifcl_h«rg5ao^- S w i K «fc <9 , 

fcUx *&!a{iCo£#£/£<^Fe~c- 
tt-&&-C?g;g®BHb> iS5«58;£u Si* **** 

T\ »£ £ T S5 ^ fffifil «r *> CO T & 

10 5. 5?>i:, R£ tT(il2li^^i; £^ v #±$£ 

# 4 jSrc*JM8 tiffin T^ffl T? * * „ 
15 FeBR^& (66Fel4B20Nd) W^yrfyh WffiHb 

k (kc) % aw &g ex;)) 

«H^68Fel7B.l5NdSJ^^%!;iS<bfflia 1 
2 «-^-T V ? 7 (tBtt&fb 4 *r I (kG) % 
20 m&H (kOe)) S-^lN ^E3E{±Fe-8B- 
xNd3fi|Strlv T% NdS mmm=F%) ±LMc, 
BrnW&Zm-ff' 7 7> gE4EU±, Fe-xB- 
15Nd?ft»r4ji.>-C, Bft iiHc, Br 

oWflreaH-?'.? - *5fe*'fcSWJ SI 6 EH±. 

25 Fe-B-Nd=7C^JK^Jt£ (BH) maxfOgSfire 



4*I(KG) 



^2 



68Fel7BI5Nd 


10 






8 






6 








1 1 


1 2 


4 






2 





-8 



-2 



4 6 
H ( KOe) 
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( H» lOKOe ) 




x Nd (ot%) 
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S~isL 1. 20 Sf 

I. 

mimnn JE IS ^ (93*062^1^20011^) 

IE 

Nd 
F e 

B*0 





(%) 


iHc 
(kOc) 


Br 
(KG) 


(BH)max 
(MGOe ) 


*14 


85Fel5Pr 


0 


0 


0 


15 


73Fel2B15Pr 


6.8 


9.5 


20.3 


16 


65Fe 15B20Pr 


12.5 


7.1 


10.2 


*17 


76Fe 19B5Pr 


0 


0 


0 


18 


68Fel7B8Nd7Pr 


7.4 


8.3 


15.7 


19 


66Fel9B8Nd7Ce 


5.5 


7.1 


10.0 


20 


74FellB2Sml3Pr 


6.8 


9.5 


17.2 


21 


66Fel9B8Pr 7Y 


6.1 


7.7 


10.5 


22 


68Fel7B7Nd3Pr5La 


7.1 


7.9 


13.9 


23 


68Fe20B12Td 


4.1 


6.5 


8.2 


24 


72Fe20B8Tb 


.1.8 


6.8 


4.1 


25 


64Fe28B8Dy 


8.3 


4.8 


4.8 


26 


70 Fe 10B20Dy 


5.3 


6.4 


8.0 


27 


75FelOB15Ho 


4.5 


6.4 


7.8 


28 


9Fe 8B7E r 6Tb 


4.8 


7.1 


8.1 


29 


68Fe 17B8Nd7Gd 


5.5 


7.3 


10.2 


30 


68 Fe 17B8Nd7Td 


5.7 


7,4 


10.8 


31 


79Fe6Bl5Nd 


8.0. 


13.0 


36.5 


32 


78Fe7B15Nd 


8.2 


12.9 


36.0 


33 


77Fe8B15Nd 


7.3 


12.1 


32.1 


34 


75Fe 10B15Nd 


8.0 


11.9 


31.9 


*35 


86Fe8B6Nd 


0 


0 


0 


36 


79Fe8Bl3Nd 


4.8 


13,1 


29.3 


37 


78Fe8Bl4Nd 


7.8 


12.8 


36.5 


38 


75Fe8Bl7Nd 


9.2 


11.6 


31.1 


39 


73Fe8Bl9Nd 


11.4 


10.9 


28.0 


40 


67Fe8B25Nd 


12.6 


5.8 


8.6 


41 


79Fe7Bl4Nd 


8.2 


13.4 


41.5 


- 42 


78.5Fee7Bl4.5Nd 


9.7 


13.2 


41.2 
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13 
(IE) 



62. 1. 20 ftft 



Not 


(%) 


iHc 
( kOe) 


Br 

(KG) 


(BH)max 
(MGOe ) 


*14 


85Fe 15Pr 


0 


0 


0 


15 


73Fe 12Bl5Pr 


6.8 


9.5 


20.3 


16 


65Fe 15B20Pr 


12.5 


7.1 


10.2 


*17 


76Fe 19B5Pr 


0 


0 


o 


18 


68Fe 17B8Nd7Pr 


7.4 


8.3 


15.7 


19 


66Fe 19B8Nd 7Ce 


5.5 


7.1 


10 0 


20 


74Fe 11 B2Sml3Pr 


6.8 


9.5 


17.2 


21 


66Fe 19B8Pr 7Y 


6.1 


7.7 


10.5 


22 


68Fel7B7Nd3Pr5La 


7.1 


7.9 


13.9 


23 


68Fe 20Bl2Tb 


4.1 


6.5 


8.2 


24 


72Fe20B8Tb 


1.8 


6.8 


4.1 


25 


64Fe28B8Dy 


8.3 


4.8 


4.8 


26 


70Fe 10B20Dy 


5.3 


6.4 


8.0 


27 


75Fe 10B15Ho 


4.5 


6.4 


7.8 


28 


79 Fe 8B7E r 6Tb 


4.8 


7.1 


8.1 


29 


68Fel7B8Nd7Gd 


5.5 


7.3 


10.2 


30 


68Fe 17B8Nd7Tb 


5.7 


7.4 


10.8 


31 


79Fe6B15Nd 


8.0 


13.0 


36.5 


32 


78Fe 7B15Nd 


8.2 


12.9 


36.0 


33 


77Fe8Bl5Nd 


7.3 


12.1 


32.1 


34 


75Fe 10Bl5Nd 


8.0 


11.9 


31.9 


*35 


86 Fe 8 B6Nd 


0 


0 


0 


36 


79Fe8Bl3Nd 


4.8 


13.1 


29.3 


37 


78Fe8Bl4Nd 


7.8 


12.8 


36.5 


38 


75Fe8B17Nd 


9.2 


11.6 


31.1 


39 


73Fe8B19Nd 


11.4 


10.9 


28.0 


40 


67Fe8B25Nd 


12.6 


5.8 


8.6 


41 


79Fe7Bl4Nd 


8.2 


13.4 


41.5 


42 


78.5Fe7B14.5Nd 


9.7 


13.2 



41.2 
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